INTRODUCTION {#sec1-1}
============

Gallbladder diseases are common worldwide with gallbladder carcinoma being the most common malignant tumor of the biliary tract.\[[@ref1]\] Worldwide, its incidence is 1.3% with age-standardized rate of 22/100,000 person per year and mortality of 1.7%.\[[@ref2]\] This carcinoma is associated with poor prognosis which may not only be related to its aggressive behavior but also due to delayed diagnosis.\[[@ref3]\] This delay in diagnosis may be due to the nonspecific symptoms, absence of clinical suspicion, or specific markers for diagnosis.\[[@ref4]\] In addition, the biopsy is also comparatively inaccessible due to the deep-seated position of this organ. Although radiological examination including ultrasound, computed tomography (CT) scan, and magnetic resonance imaging may be helpful in diagnosing gallbladder lesions, differentiation of some benign conditions such as adenomyomatosis and xanthogranulomatous cholecystitis may also pose problem in differentiation from gallbladder carcinoma radiologically.\[[@ref5]\] Recently, US- or CT-guided fine-needle aspiration cytology (FNAC) has emerged as an easy and effective diagnostic tool for precise diagnosis of gallbladder lesions.\[[@ref6][@ref7]\] Although occasional studies have made an attempt to classify the gallbladder carcinoma on cytology, the literature search lacks the standardized cytological terminology and nomenclature system used for gallbladder lesions on FNAC.\[[@ref7]\] The standard system may not only be helpful in clinching accurate diagnosis of gallbladder lesions but also be useful in avoiding interinstitutional bias across the world.

The present study was, therefore, conducted to study the role of FNAC in diagnosis of gallbladder lesions. In addition, an attempt was also made for cytomorphological classification of these lesions.

METHODS {#sec1-2}
=======

The retrospective study included all the cases of gallbladder which underwent FNAC examination over a period of 3½ years from January 2014 to June 2017. The cytological smears were retrieved from the archives of the department of pathology and blindly reviewed by two cytopathologists. FNAC was performed under image guidance (ultrasonography \[USG\] or CT guided), and rapid on-site evaluation (ROSE) was performed for all cases. The 22-gauge lumbar puncture (needle) was used for FNA in which localization of the needle was done by radiologist under image guidance and aspiration was done by cytopathologist. Maximum two passes were done for any lesion and at least 5--6 slides were prepared. The on-site adequacy of the smears was assessed by rapid staining using toluidine blue, and smears of cases which were considered inadequate on aspiration were re-aspirated instantaneously. Air-dried smears were stained by May Grunwald Giemsa, and wet-fixed smears were stained by hematoxylin and eosin and Papanicolaou stains. The relevant clinical, laboratory, and radiological findings were noted for all the cases. All the smears were assessed for the adequacy of the smears, cellularity, and arrangement of the cells. The smears were considered inadequate which showed either only blood, necrosis, mucous, or only occasional epithelial cells where cytological opinion was not possible. The cellularity of the smears was graded as paucicellular, moderately cellular, or cellular, while arrangement of the cells was noted according to the formation of sheets, papillae, acini, cluster, or dispersed singly. The detailed cellular features with pleomorphism (mild, moderate, or severe) and the presence of columnar cells, squamous cells, clear cells, signet ring cells, giant cells, spindle cells, and intra- and extracellular mucin were also evaluated. The severity and type of inflammation with the presence or absence of necrosis were also assessed for all lesions. An attempt was made to categorize and subcategorize gallbladder lesions on FNAC on the basis of above features. Histopathological and immunochemical diagnosis was noted for cases in which it was available and correlated with cytomorphological diagnosis.

RESULTS {#sec1-3}
=======

The study included a total of 433 cases which underwent FNAC of the gallbladder in the study. The male-to-female ratio was 1:2.4, and the mean age was 54.93 years with range of 25--95 years. Histopathological examination was available for 93 cases. [Table 1](#T1){ref-type="table"} shows the broad categorization of the gallbladder lesions on FNAC. Category 2 (negative for malignancy) included cases which were either inflammatory or observed reactive/benign epithelium suggestive of benign neoplasm or inflammatory lesion \[[Figure 1](#F1){ref-type="fig"}\]. Category 3 included cases which showed atypical cells difficult to categorize as benign or malignant lesion, while Category 4 observed highly atypical cells suspicious or suggestive of malignancy. Repeat FNAC was performed in 13 cases within the period of 1 month in cases which were inadequate on first aspirate (3 cases), necrotic (3 cases), or showed atypical cells (3 cases). Four cases which were although showing benign cells on first aspiration were followed by repeat aspiration as there was high clinicoradiological suspicion of carcinoma for them. Of these 13 cases, 10 cases (76.9%) were diagnosed as adenocarcinoma on repeat FNAC. All the cases which showed atypical cells were positive for adenocarcinoma on repeat FNAC. [Table 2](#T2){ref-type="table"} shows the architectural patterns and cellular morphology observed on FNAC of the gallbladder. The most common pattern observed was sheets and acini with predominance of columnar cells. [Table 3](#T3){ref-type="table"} shows the cytological diagnosis and cytohistopathological correlation in cases in which histopathology was done. The histopathological diagnosis was available in 93 cases, and the cytohistopathological concordance in malignant cases was observed to be 94.4%.

###### 

Broad categorization of gallbladder lesions on fine-needle aspiration cytology

  *Category*     *Diagnostic group*                                          *Number of cases*   *Percentage of total cases (%)*
  -------------- ----------------------------------------------------------- ------------------- ---------------------------------
  Category I     Inadequate                                                  34                  7.8
  Category II    Benign (reactive/inflammatory/benign neoplasm)              50                  11.5
  Category III   Atypical cells (equivocal for benign or malignant lesion)   23                  5.3
  Category IV    Atypical cells suggestive or suspicious of malignancy       19                  4.3
  Category V     Positive for malignancy                                     307                 70.9
  Total          433                                                                             

![(a and b) Fine-needle aspiration cytology of the gallbladder with diagnostic Category 1 of benign lesions revealing uniform epithelial sheets. (May Grunwald Giemsa, ×40; H and E, ×40). (c and d) fine-needle aspiration cytology of the gallbladder with diagnostic Category 3 of atypical cells showing nuclear overlapping and mild pleomorphism. (May Grunwald Giemsa, ×40; H and E, ×40). (e and f) fine-needle aspiration cytology of the gallbladder with diagnostic Category 4 of atypical cells suspicious of malignancy with few cells showing moderate pleomorphism in necrotic background. (May Grunwald Giemsa, ×40; H and E, ×40)](CJ-16-1-g001){#F1}

###### 

Architectural pattern and cytomorphological features observed on fine-needle aspiration cytology of gallbladder carcinoma

  *Cytological features*       *Number of cases (%)*
  ---------------------------- -----------------------
  Architectural pattern        
   Papillae                    22 (7.1)
   Acini                       220 (71.6)
   Sheets                      235 (76.5)
   Rosettes                    5 (1.6)
   Nuclear molding             5 (1.6)
  Cellular morphology          
   Columnar cells              120 (39)
   Signet ring cells           3 (0.9)
   Squamous cells              19 (6.1)
   Small cells                 5 (1.6)
   Clear cells                 2 (0.6)
   Spindle cells               1 (0.3)
   Giant cells                 1 (0.3)
   Intracellular mucin         19 (6.1)
  Nuclear pleomorphism         
   Mild                        59 (19.2)
   Moderate                    147 (47.8)
   Severe                      101 (32.8)
  Nuclear chromatin            
   Fine chromatin              20 (6.5)
   Vesicular chromatin         182 (59.2)
   Coarse chromatin            100 (32.5)
   Salt and pepper chromatin   5 (1.6)
  Mitotic figures              
   \<5/high-power field        74 (24.1)
   5-10/high-power field       144 (46.9)
   \>10/high-power field       89 (28.9)
  Background                   
   Necrosis                    192 (62.5)
   Mucin                       22 (7.1)
   Inflammatory                139 (45.2)
   Keratinous material         17 (5.5)

###### 

Cytological diagnosis and cytohistopathological correlation in diagnosis of gallbladder lesions

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  *Cytological diagnosis*                                        *Number of cases*   *Histopathological diagnosis available*   *Histopathological diagnosis*                *Cyto-histo concordance (%)*
  -------------------------------------------------------------- ------------------- ----------------------------------------- -------------------------------------------- ------------------------------
  Inadequate (Category I)                                        34                  16                                        Chronic cholecystitis-4                      \-

  Adenocarcinoma-12                                                                                                                                                         

  Benign/reactive (Category II)                                  50                  26                                        Chronic cholecystitis-21                     96.1

  Xanthogranulomatous cholecystitis-4                                                                                                                                       

  Adenocarcinoma-1                                                                                                                                                          

  Atypical cells (Category III)                                  23                  18                                        Chronic cholecystitis-4                      \-

  Xanthogranulomatous cholecystitis-8                                                                                                                                       

  Adenomatous hyperplasia-2                                                                                                                                                 

  Adenoma-1                                                                                                                                                                 

  Adenocarcinoma-3                                                                                                                                                          

  Atypical suspicious or suggestive of carcinoma (Category IV)   19                  15                                        Xanthogranulomatous cholecystitis-1          80

  Adenomatous hyperplasia-1                                                                                                                                                 

  Adenoma-1                                                                                                                                                                 

  Adenocarcinoma-10                                                                                                                                                         

  Small-cell carcinoma-1                                                                                                                                                    

  Adenosquamous carcinoma-1                                                                                                                                                 

  Malignant neoplasms\                                           307                 18                                        17                                           94.4
  (Category V)                                                                                                                                                              

  220                                                            6                   Adenoma-1                                 83.3                                         

  Adenocarcinoma NOS                                                                                                           Moderately differentiated Adenocarcinoma-3   

  Poorly differentiated adenocarcinoma-2                                                                                                                                    

  Mucinous adenocarcinoma                                        19                  1                                         Mucinous adenocarcinoma-1                    100

  Papillary adenocarcinoma                                       22                  0                                                                                      

  Poorly differentiated carcinoma                                33                  8                                         Poorly differentiated adenocarcinoma-6       100

  Squamous cell carcinoma-2                                                                                                                                                 

  Undifferentiated tumor                                         2                   1                                         Giant cell tumor-1                           100

  Squamous cell carcinoma                                        6                   0                                                                                      

  Small-cell carcinoma                                           2                   1                                         Small-cell carcinoma-1                       100

  Neuroendocrine tumor                                           3                   1                                         Carcinoid tumor-1                            100
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

DISCUSSION {#sec1-4}
==========

The gallbladder lesions including carcinoma show variable geographical distribution and are more commonly seen in Northern India, Ecuador, Chile, and Poland with female preponderance.\[[@ref4]\] The present study also showed increased female-to-male ratio with maximum number of cases being malignant (70.9%). FNAC under USG/CT guidance has emerged as an easy, cost-effective, and useful diagnostic tool to evaluate deep-seated lesions. FNAC of the gallbladder is especially important as the lesions not only lack specific symptoms and clinical presentation but also biopsy is also difficult due to its inaccessibility and association with more complications. The use of standardized terminology classification has been recommended in cytological diagnosis of various organs including thyroid, pancreatobiliary, urine, and cervicovaginal smears so as to avoid interlaboratory diagnostic bias and also helping in management of these cases.\[[@ref8][@ref9]\] Although FNAC of the gallbladder is commonly done, only a few large studies have described the cytomorphological categorization of gallbladder lesions.\[[@ref6][@ref7]\] The present study categorized the gallbladder lesions in five basic categories ranging from Category 1 (inadequate) to Category 5 of malignant tumors. The rate of inadequacy was 7.8%, which is almost comparable to other studies in which inadequacy rate ranged from 9.2 to 10.2%.\[[@ref6][@ref7][@ref9]\] The rate of inadequacy is comparatively low in the present setting as ROSE was performed in all the cases which underwent FNAC. Category 3 is the most heterogeneous category which included cases showing equivocal features of both benign and malignant lesions. The smears in this category were hypercellular, showed cellular overlapping, mild pleomorphism, and had pale cytoplasm with enlarged nuclei but with mostly uniform chromatin and occasional mitotic figures \[[Figure 1](#F1){ref-type="fig"}\]. It was difficult to categorize these lesions as either reactive gallbladder lesions including xanthogranulomatous cholecystitis and adenomatous hyperplasia or malignancy. The study observed that definite diagnosis was possible in 91.3% of total cases showing atypical cells (21/23 cases) by either repeat FNAC or surgery. Category 4 included cases which were mostly hemorrhagic or necrotic and showed occasional acini with mild to moderately pleomorphic cells and nuclei with coarse chromatin. The cytological features were suspicious or suggestive of carcinoma, but the cytological material was not enough to give definite diagnosis of carcinoma \[[Figure 1](#F1){ref-type="fig"}\]. Surgery was performed in 15/19 cases of Category 4, and carcinoma was diagnosed in 80% of these cases. The institutional policy for management of Category 3 was either repeat FNAC or surgery in the light of worrisome radiological features, while surgery was recommended for Category 4 lesions. It was also observed that xanthogranulomatous cholecystitis was the most common lesion (44.4%) which was histopathologically diagnosed in cases of Category 3. The histiocytes and macrophages with foamy cytoplasm and large nucleus mimicked adenocarcinoma cells, and thus, diagnosis of equivocal atypical cells was rendered. Rana *et al*. also observed that cases which were diagnosed as suspicious of malignancy on FNAC showed either false positive or false negative involving xanthogranulomatous changes.\[[@ref6]\] An important clue to avoid false-positive diagnosis is nuclei showing minimal anisonucleosis, bland chromatin, inconspicuous nucleoli, and background of inflammatory and foam cells and thus favoring xanthogranulomatous cholecystitis \[[Figure 2](#F2){ref-type="fig"}\]. The present study suggests that cytological examination of xanthogranulomatous cholecystitis may lead to false-positive diagnosis, and therefore, cells showing such changes may be placed in Category 3 if definitive diagnosis is not possible. It is even more important because radiologically also, it is difficult to differentiate between xanthogranulomatous cholecystitis and carcinoma.\[[@ref5]\] The diagnostic confusion increases further as adenocarcinoma may be associated with coexisting xanthogranulomatous cholecystitis, and thus, careful examination of the smears is required to avoid any pitfall resulting in false-negative diagnosis.\[[@ref10]\] Adenomatous hyperplasia and adenoma are other entities which led to the false-positive diagnosis in our study. The confusion arose as both these entities show increased cellularity with mild-to-moderate nuclear atypia and worrisome radiological features. The authors preferred to keep them in either Category 3 or 4, but the final histopathological diagnosis confirmed them to be benign lesions. It is, therefore, suggested that cellular smears showing monolayered sheets with mostly uniform nuclear chromatin and small nucleoli which may show some nuclear atypia may be finally diagnosed as benign lesions of either adenomatous hyperplasia or adenoma \[[Figure 2](#F2){ref-type="fig"}\]. Gallbladder tuberculosis, although rare, is another lesion which may be misdiagnosed as carcinoma and it should always be kept in mind in providing cytological diagnosis, especially in endemic regions.\[[@ref11]\] A vigilant examination of the smear may help in identifying occasional epithelioid cell granuloma in necrotic background and clinching the correct diagnosis. However, in the present study, none of the cases of gallbladder tuberculosis was observed.

![(a-c) A case of xanthogranulomatous cholecystitis which on fine-needle aspiration cytology was kept in diagnostic Category 3 showed cellular smears with cells having nuclei with minimal anisonucleosis, bland chromatin, inconspicuous nucleoli, and foamy cytoplasm. (May Grunwald Giemsa, ×10, ×40). (d-f) fine-needle aspiration cytology of the gallbladder led to false-positive diagnosis of Category 4 in a case which later histopathologically proved to be adenomatous hyperplasia (f). The smears were cellular, showed moderate pleomorphism but close examination of nuclei showed mostly uniform chromatin (May Grunwald Giemsa, ×40; H and E, ×20)](CJ-16-1-g002){#F2}

The most common cytological diagnosis in the present study was Category 5 or positive for malignancy which constituted 70.9% of total cases. The histological subtype of gallbladder carcinoma is considered to be an important prognostic factor, and therefore, the typing of gallbladder carcinomas is required for appropriate management of these cases.\[[@ref4][@ref12]\] An attempt to classify gallbladder carcinoma according to architectural pattern and cellular features was done in this study so that it may guide the clinician to assess the prognosis of these cases. Previously, Yadav *et al*. also attempted the WHO histological classification on FNA material of gallbladder carcinoma.\[[@ref7]\] The adenocarcinoma not otherwise specified was the most common carcinoma in the present study and was diagnosed when the smears revealed mostly acini and sheets with columnar to rounded cells showing nuclei with vesicular chromatin and prominent nucleoli in either inflammatory or necrotic background. Papillary carcinoma is considered to have better prognosis, and we also found that cytological smears showing preponderance of true papillae with fibrovascular cores showed mild cytological atypical with fewer mitotic figures \[[Figure 2](#F2){ref-type="fig"}\].\[[@ref4][@ref13]\] Mucinous adenocarcinoma is another variant of gallbladder carcinoma which is poorly described in literature and comprises 2.5% of all gallbladder carcinomas with poor prognosis.\[[@ref4][@ref14]\] The criterion for diagnosis of mucinous adenocarcinoma is the presence of \>50% of extracellular mucin.\[[@ref1]\] The present study observed 6.1% of this variant with moderately pleomorphic cells floating in lakes of extracellular mucin \[[Figure 3](#F3){ref-type="fig"}\]. Gallbladder neuroendocrine tumor was rare in the present study (0.9%), and the cytological diagnosis was based on the presence of rosettes, stippled nuclear chromatin, and absent or occasional mitotic figures. Increased necrosis, mitotic activity, apoptosis, nuclear molding, and coarse chromatin with inconspicuous nucleoli favored small-cell carcinoma which constituted only 0.6% of all malignancies \[[Figure 4](#F4){ref-type="fig"}\]. Neuroendocrine tumors and small-cell carcinoma are also rare tumor and carry poor prognosis, and cytology plays an important role in their diagnosis and thus necessary for prognostication of these tumors.\[[@ref15]\] Pure squamous cell carcinoma constituted 1.9% in the present study which was characterized by keratinized cells, tadpole cells in background of keratinous debris, or inflammation \[[Figure 4](#F4){ref-type="fig"}\]. The squamous cell carcinoma may be associated with adenocarcinoma component for diagnosis of adenosquamous carcinoma, but in our study, none of the cases showed cytological feature of adenosquamous carcinoma. Roa *et al*. also observed only 1% of pure squamous cell carcinoma in series of 34 squamous and adenosquamous carcinomas of the gallbladder.\[[@ref16]\] This carcinoma commonly extends to the liver and other neighboring structures and is diagnosed at advanced stage and thus has poor prognosis.\[[@ref16][@ref17]\] Thus, it is suggested that close cytological examination of smears is essential to precisely subtype the malignant tumors of the gallbladder which may thus be helpful in prognostication of these tumor. The authors also suggest that larger studies across different institutions may be done so that uniform reporting system is made for FNAC of gallbladder lesions.

![(a-c) Fine-needle aspiration cytology of the gallbladder with mucinous adenocarcinoma revealing abundant intra- and extracellular mucin (Papanicolaou, ×10 and ×40; May Grunwald Giemsa, ×10). (d-f) fine-needle aspiration cytology of the gallbladder with papillary adenocarcinoma showing true papillae with mild cytological atypia (H and E, ×10 and ×40; May Grunwald Giemsa, ×10). (g-i) fine-needle aspiration cytology of the gallbladder with adenocarcinoma showing predominance of columnar cells (Papanicolaou, ×10 and ×40)](CJ-16-1-g003){#F3}

![(a-c) Fine-needle aspiration cytology of the gallbladder with squamous cell carcinoma showing tadpole cells with keratinization and ink dot nuclei. (May Grunwald Giemsa, ×10; Papanicolaou, ×40). (d-f) fine-needle aspiration cytology of the gallbladder with neuroendocrine tumor showing cells arranged in rosettes with nuclear molding and having stippled chromatin. (May Grunwald Giemsa, ×10 and ×40; Papanicolaou; ×40). (g-i) fine-needle aspiration cytology of the gallbladder with clear cell carcinoma showing mild to moderately pleomorphic cells having pale to clear cytoplasm. (May Grunwald Giemsa, ×40; H and E, ×40)](CJ-16-1-g004){#F4}

CONCLUSIONS {#sec1-5}
===========

Thus, image-guided FNAC plays an important role in diagnosis of gallbladder lesions with minimal complications. The cytomorphological classification of gallbladder lesions provides an effective base for accurate diagnosis and management of these cases. Category 3 and 4 are the most ambiguous category on FNAC of the gallbladder which should be managed by either repeat FNAC or surgery in the light of worrisome radiological features. The vigilant examination of architectural pattern and cytomorphological features of the smears may be helpful in clinching the diagnosis and precisely subtyping the malignant tumors of the gallbladder which is essential to assess the prognostication of these tumors. It is further suggested that larger studies across different institutions may be done on FNAC gallbladder so that uniform reporting system is formulated for gallbladder cytology.
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Adenocarcinoma NOS - Adenocarcinoma not otherwise specified

CT guided - Computed tomography guided

FNAC - Fine needle aspiration cytology

USG guided - Ultrasonography guided

WHO - World Health Organization.
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